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Abstract—This paper presents a new methodological approach
to teaching power electronics converter experiments. This ap-
proach is based on a reconfigurable hardware–software platform
for use in converter experiments in a basic power electronics
course. This course is an optional subject, and, therefore, the
experiments need to motivate the students. The platform is con-
trolled by software (made in a LabVIEW environment) run on a
PC. The student can control the fundamental parameters of the
selected converter topology through the user interface and, with a
little work, can compare the results with a real circuit. An example
of use of the methodology in an inverter experiment is included.
Index Terms—Education, LabVIEW, power electronics, stu-
dents’ experiments.
I. INTRODUCTION
POWER electronics is an important area within electricalengineering, for a number of reasons, which includes
advances in semiconductor technology and new applications
in microelectronics and industrial power electronic equipment,
such as variable-speed motor drivers, uninterruptible power
supplies, robotics, electric cars, and others [1].
Experience shows that power electronics as a subject is not
readily assimilated by students because of the different areas
involved. According to [2], laboratory experiments can help
students assimilate the theoretical concepts of very complex
subjects and make a first contact with the instrumentation and
equipment students will work with in the future. Neverthe-
less, laboratory experiments, though ideally the best strategy,
present problems of time, money, and safety. Therefore, the
methodology used for teaching a power electronics laboratory
is very important. Many references are in the literature related
to methodology for laboratory experiments in power electronics
and other similar areas [3], [4]. Most of the references include
instructional software for controlling equipment and simulating
some circuits [5], [6], such as MATLAB or LabVIEW, which
are widely used in universities all over the world.
Simulation exercises can be very useful to beginner students
in power electronics [7] and can help advanced students to pre-
pare for further work at the laboratory. In addition, simulation
can be helpful in reducing the need for repair of instruments and
materials as a result of mistakes or accidents.
This paper presents a new methodological approach to
teaching about power electronics converters in the laboratory.
The approach is based on a reconfigurable hardware–software
(HW/SW) platform. This platform is controlled by software
(made in the LabVIEW environment) run on a PC. The user can
control the fundamental parameters of the selected converter
topology through the user interface and, with a little work, can
compare the results with a real circuit. The platform is an ideal
complement for theoretical study. Experience has shown that
the new equipment helps minimize the complexity and the time
taken by experiments, provides an extra benefit for the students,
and assures better overall use of laboratory sessions.
Section II if this paper presents the theoretical and practical
contents of a basic power electronics converter course in which
the system is used, establishes the pedagogical objectives for
the laboratory, and expresses ways to attain these objectives.
Section III details the laboratory equipment and the platform.
Section IV presents a case study based on the methodology de-
scribed in this paper. The results achieved with the use of the
system in teaching a course of power electronics are described
in Section V. Finally, the conclusion (Section VI) summarizes
the benefits of this work and outlines future plans.
II. EDUCATION PROGRAM IN POWER ELECTRONICS
The theoretical concepts of the basic course proposed in this
paper is outlined in Table I. These concepts are very similar to
the power electronics curriculum proposed in [8].
The laboratory experiments (Table I) are intended to achieve
the following goals [2]:
1) to reinforce and support lecture-based courses in power
electronics;
2) to provide hands-on experience in practical power
electronics applications;
3) to expose important measurement techniques and
safety concerns in power electronics work;
4) to introduce the state-of-the-art simulation tools as em-
ployed extensively by industry.
In this basic course, the converter experiments are oriented to
show clearly how these topologies work; complex control sys-
tems should therefore be avoided since these systems demand a
higher level of comprehension and entail greater complexity in
experiments. Suggested experiments have a first step based on
simulation; it will help students to gain a better understanding of
the circuit. Then, students are prompted to implement the circuit
with a little extra work. In the platform, control of the electronic
devices involved is automatic so that the experiment is less con-
fusing for students.
The students carry out all the experiments following a lab-
oratory handout. This handout was drafted on the basis of the
TABLE I
OUTLINE FOR BASIC UNDERGRADUATE COURSE IN POWER ELECTRONICS
objectives stated above with a number of rules based on experi-
ence. Clearly, a need is present to seek a middle ground between
the number of concepts and tasks and the complexity level of the
experiment.
Generally, every experiment includes a brief theoretical re-
fresher on the concepts involved in the experiment, a schematic,
a detailed list of the elements involved, blank tables for results,
and some final questions that students have to answer.
At the beginning of the laboratory session, the teacher gives
a brief explanation, presenting an overview of the experiment
and the relation with the theory. The first session is the best
time to discuss safety issues and how to avoid improper use of
the equipment. The teacher should check the circuit before it is
powered up. There is a laboratory session discussing safety in
the laboratory because of the hazards inherent in power elec-
tronics circuits.
III. LABORATORY FACILITIES
The laboratory consists of eight workstations, each occupied
by two people. Table II gives a detailed description of the ma-
terial present in the laboratory. Special care has been taken to
select equipment elements that meet safety standards and are
easy to assemble and reconfigure.
Most of the experiments have been conducted using two
power converter systems: the Power Electronics Teaching
System (PETS) and the Multifunctional Thyristor Converter
TABLE II
LABORATORY EQUIPMENT
System (MTCS) from Semikron [9]. These power converter
systems contain a three-phase diode rectifier, a three-phase
thyristor converter, a capacitor bank, three half-bridges made of
two isolated gate bipolar transistors (IGBTs), a brake chopper
module, and drivers for triggering purposes. Moreover, the
drivers monitor for undervoltage power supply, protect against
short-circuits, and isolate the power system from the electronic
control system. A picture and a scheme of PETS is shown in
Fig. 1. PETS picture and schematic.
Fig. 2. Instrumentation for an experiment.
Fig. 1. These converters are industrial models to which a poly-
methylmethacrylate (PMMA) case has been added to prevent
accidental contact. An additional protection is provided by
using isolation transformers, fuses, and thermal and differential
interrupts at the first stage of the circuit.
The reconfigurable platform is controlled by a PC. The PC
is also used for other tasks, including circuit simulation with
Pspice Lite, control of measurement instruments via communi-
cation protocols such as GPIB or RS232, registration and saving
of measurements obtained with the equipment, and Internet nav-
igation.
The reconfigurable platform has two different blocks: first, a
software block that includes a user interface developed in the
LabVIEW graphic environment, and second, a hardware block,
consisting of a microcontroller for serial communications with
the PC and a trigger and signal conditioning circuit for current
buffering and adapting of voltage levels for converter power
drivers. Fig. 2 shows the diagram of an experiment in which
can be seen the PETS equipment. The LabVIEW environment
has been chosen for the software block because it combines the
advantages of graphical programming and high-quality user in-
terface tools. A program made in LabVIEW is called a virtual
instrument (VI) and is divided into a front panel, which is the
user interface, and a block diagram, which is the program that
controls the front panel.
The user interface is designed to provide simple interaction
between student and software. Different converter topologies
can be chosen from controlled rectifiers to modulated inverters.
When a topology is selected, the front panel for this topology
appears. An example of a front panel is shown in Fig. 3. Several
control boxes are available for entering values of the main pa-
rameters, graphic displays to visualize the trigger signals, and
selected voltage and current waveforms. A small area of the
user interface is reserved for communication with the hardware
block.
Through this zone, the user can transfer the trigger data to
the microcontroller by RS232. The communication protocol is
serial and includes a cyclic redundancy code to avoid transmit-
Fig. 3. Sample of the front panel for an inverter experiment.
ting or receiving errors in the signals involved. The PC transmits
only one signal period to the microcontroller and repeats this
single cycle as long as it is powered. The signal-conditioning
circuit acts as a voltage-level interface between microcontroller
and converter drivers and includes a switch allowing to inhibit
the trigger signal manually.
Fig. 4 shows the program structure related to the front panel
of Fig. 3. The front-panel input data (voltage and frequency)
are used to calculate and generate the more important signals
related to the converter. In addition to these signals, the program
derives the output voltage Fourier spectrum, which will show
the harmonic influence in each topology. The sample number
by cycle and the sampling frequency (fixed value determined by
the hardware) will be needed to plot the waveform. The above
signals are displayed and optionally can be transmitted to the
microcontroller.
IV. CASE STUDY: INVERTERS
The following gives some details of the design and implemen-
tation of an experiment, to provide a clear idea of the possibil-
ities. For the sake of brevity, the experiment with a full-bridge
inverter (single phase) with unipolar modulation has been se-
lected. The other experiments are conducted in a similar way.
The handout that students should follow during an experiment
includes a brief summary of basic theory and formulas that can
be used for modulated inverters. At the beginning, students are
reminded of the theoretical concepts involved and make some
calculations related to the triggering signals and voltage and
load current.
Basically, for unipolar modulation, trigger signals are
obtained by comparing a switching-frequency triangular
waveform with two senoidal control signals
. The logical signals for switch con-




If then ON (1)
The frequency modulation ratio and the amplitude
modulation ratio are defined as
and (2)
Fig. 4. Flow Diagram for the front panel of Fig. 3.
TABLE III
HANDOUT TABLE
At this step, students must calculate the fundamental-fre-
quency component in the load from the dc battery voltage,
the control signal amplitudes, and their frequencies and phase.
Depending on the load type (selected by the teacher), students
must derive an expression for the current and values for and
. These calculations must be written down on the handout,
and the results entered in a table (Table III).
Subsequently, the students use the simulation included in
the reconfigurable platform. Four inverter assemblies can be
selected: half-bridge (single phase), full-bridge (single phase)
with bipolar modulation, full-bridge inverter (single phase)
with unipolar modulation, and three-phase. When the third as-
sembly is selected, the front panel shown in Fig. 3 is displayed.
In this screen, students have to enter the input data: modulation
and reference signal type, switching-frequency waveforms and
reference signals voltage and frequency, input voltage ampli-
tude, load type, and number of cycles to visualize. Then, the
waveform of switching-frequency signal and reference signals,
the transistor trigger signals, the output signal and its Fourier
spectrum, and the load current will be displayed. In this way,
students can obtain a simulation of a real assembly and can
verify the actual results according to their prior calculations
based on theoretical knowledge. If the values are not correct,
students are forced to review either the prior calculations or
the input data. The platform allows this feedback, which is
very useful for students because it helps them to consolidate
theoretical concepts.
Next, the students must conduct the experiment with the lab-
oratory elements according to the block diagram. The connec-
tion details are included in the handout. Once the teacher has
reviewed the assembly, the power is implemented. The trigger
data are sent from the PC to the microcontroller, and students
can see the trigger signals, load voltage, current, etc., on the os-
cilloscope. For the data in Table III, the oscilloscope will show
the waveforms (Fig. 5) which are very similar to the ones in the
front panel of Fig. 3.
V. EXPERIENCE OBTAINED FROM THIS METHOD
After the basic experiment is explained in the previous section
of this paper, students have reinforced their theoretical knowl-
edge of modulated inverters with unipolar control. Students are
satisfied with the use of the platform as presented here, since it
is a very useful aid in carrying out this experiment and the other
converter experiments. The degree of satisfaction is supported
by the increased number of students registering for the course
since the platform was first used in experiments three years ago
(Fig. 6). The basic course presented here is conceived as an op-
tional subject for second-year students of industrial engineering,
a general degree course; therefore, the subject needs to be attrac-
tive to students.
Fig. 5. Results obtained from the inverter experiment in laboratory.
Fig. 6. Percentage of second-year industrial engineering students registered in
power electronics and percentage of students passing this subject in the last six
years.
Before the platform was used to conduct the converter exper-
iments, a specific trigger generation board was used for each
assembly, and circuit simulation was executed with Pspice. The
platform combines simulation and control; in addition, it makes
the simulation faster and simpler for the student. Another ad-
vantage is that now the total number of boards is smaller so that
less material and less maintenance time are required.
The simulation is very useful for teaching power converters
since it has proven to be a highly effective aid for linking theory
and practice. With the platform presented here, students take
less time to do each experiment and can, therefore, conduct
more experiments in the same period of time. Before using the
platform, a large number of registered students did not manage
to complete the program of experiments. Student motivation is
enhanced by greater involvement. In addition, practical experi-
ence has demonstrated its utility in that students assimilate the
theoretical concepts better, as is shown by the answers that stu-
dents give to the handout questions. As noted previously, a sub-
stantial improvement has been observed in the student pass rate
(Fig. 6).
VI. SUMMARY AND FUTURE WORK
With the experimental equipment based on the reconfigurable
platform as presented, students can perform complex experi-
ments in a short period of time; they can also do the simulation
on the computer and the assembly in the laboratory. The results
from theory classes can be checked both on the computer and
on the oscilloscope screen.
The use of the platform for the basic course experiments
started in the 2001–2002 academic year. This course is offered
as an optional subject to second-year industrial engineering
students. During the last three years, teachers have seen a
noticeable increase of student interest in this subject, as evi-
denced by the sharp growth of numbers registered. Two reasons
account for this interest: first, students are more motivated since
they are more fully involved in the conduct of the experiments,
and second, students find it easier to assimilate the theory this
way.
In the future, the methodology presented in this paper will be
extended to advanced power electronics courses.
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